
burner design. The goal ofusing mixing air in portland cement kilns is to improve combustion efficiency.
lmproved combustion efficiency reduces NO, emissions. Lime kilns can also have stratified flow, thus lime kilns
may also be able to achieve NO' reductions by using MAT.

Lime kilns are typically operated with a reducing atmosphere to enhance sulfur removal from the lime producL
Thus, in addition to breaking up the stratified flow that may exist in a lime kiln, the injection ofhigh velocity air
into the middle ofa kiln can create an oxidizing environment for the upper half of the kiln that may be effective
at reducing N0r emissions.6 An oxidizing environment would have a negative impact on the lime quality from
Kiln 2, as this kiln was originally designed to run in a reducing environment so it could manufacture lime
product for the steel industry.

While the theory behind MAT suggests that the technology is effective at reducing NO, emissions, the technolory
is so highly dependent on kiln-specific burners and operating conditions that it is impossible to assign a level of
effectiyeness for this technolory to a specific kiln without testing and optimizing the technolory on the specific
kiln. LNA has no information to suggest that NO, reductions can be achieved on the Nelson kilns based on the
use of MAT. MAT has not been determined to be BART for any lime kiln. Further, MAT has not been determined
to be BACT in any permit for a lime kiln issued in the last ten years, as evidenced by a search of the EPA'S RBLC

database for lime kilns and a review ofrecently issued permits. Thus, LNA considers MAT to be technically
infeasible.

5. 2.3. Selective Non-Catalytic Reductlon (SNCR)

ln SNCR systems, a reagent (ammonia or urea) is injected into the flue gas in an appropriate temperature
window. The NOr and reagent react to form nitrogen and water. A typical SNCR system consists of reagent
storage, reagent-iniection equipment, and associated control instrumentation. SNCR is a technically feasible
option for reducinB N0r emissions from the Nelson kilns.

5.2.4. Selectlve Catalytlc Reductlon (SCR)

SCR refers to the process in which N0* is reduced by a reagent (ammonia or urea) over a heterogeneous catalyst
in the presence of oxygen to form nitrogen and water. The process is termed selective because the ammonia or
urea preferentially reacts with NO, rather than oxygen, although the oxygen enhances the reaction and is a

necessary component ofthe process. A typicalSCR system consists ofa reactor, a catalyst, an ammonia or urea
storage and iniection system, and associated control instrumentation. A common problem encountered with
SCR systems in process industries, such as lime, is "poisoning" of the catalyst by trace metals or clogging/coating
of the catalyst by dusL Once poisoned or covered, the catalyst can no longer perform its function and the SCR

system is compromised. Given the operating temperature range for Kiln 1 and Kiln 2 at the Nelson Plant, the
SCR catalyst would need to be located prior to the kiln baghouses. In this heavily dust laden environment,
poisoning or covering ofthe catalyst is almost certain to occur in a short time period. While SCRs are common in
some industries, there are no SCR systems currently operating on lime kilns. Thus, LNA considers SCR to be
technically infeasible.

5.3. RANK OF TECHNICALLY FEASIBLE NOx CONTROL OPTIONS BY EFFECTIVENESS

The third step in the BART analysis is to rank the technically feasible options according to effectiveness. Table
5-3 summarizes the effectiveness of the technically feasible controls for NO,, which in this case only includes
SNCR

6Cadence Technical Bulletin: http://www.cadencerecycling.com/Resources/TechnicalBulledn9620Lime%20Kilnpdf
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Kiln

Baseline
Emlsslon Rate
0b/ton lime)

Baseline
Emlsslon

Rate
(lb/day)

Baseline
Emlssion

Rate
(tpv)

Control
Efficiency

(o/o)

Controlled
Emlssion

Rate
(lb/ton lime)

Controlled
Emission

Rate
(lb/davl

Controlled
Emlsslon

Rate
(tDy)

SNCR
Kiln 1 7.55 6,571 981 50o/o 3.286 491

Kiln 2 5.21 6,490 985 50o/o 2.67 3.245 493

Table 5-3. Effectiveness ofFeasible NOx Control Technologies

As shown in Table 5-3, the effectiveness ofSNCR for NO, reduction is estimated to be 50%. LNAhasnot
conducted any detailed design work for an SNCR system for the Nelson Plant kilns, but LNA anticipates that a

5096 reduction is achievable based on LNA's experience with operatinB a urea-injection system at another LNA

lime plant

5.4. EVALUATION OF IMPACTS FOR FEASIBLE NOx CONTROLS

Step four ofthe BART analysis is the impact analysis. The BART determination guidelines list four factors to be
considered in the impact analysis:

Cost ofcompliance
Ener80/ impacts
Non-air quality impacts; and
The remaining useful life of the source

5.4.1 . Cost of Compllance

Table 5-4 provides a summary of t}re estimated cost for SNCR. The costs shown in Table 5-4 are based on LNA's
experience with a urea iniection system at another LNA lime planL

Lhoist North America I Nelson Plant BART Anatysis
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Table 5-4. Estimated Cost for SNCR

5.4.2. Energy lmpacts

As shown in Table 5-4, SNCR systems require electricity to operate the blowers and pumps, The generation of
the electricity needed to operate an SNCR system will most likely involve fuel combustion. The combustion of
fuel will generate emissions. Overall, while the generation of the required electricity will result in emissions, the
emissions should be low compared to the reduction in NO, that would be gained by operating an SNCR system.

5.4.3. Non-Air Quallty lmpacts

The operation of SNCR systems on Kiln 1 and Kiln 2 would require that either urea or ammonia be stored on
site. The storage of the chemicals does not result in a direct non-air quality impacL However, the potential for
the urea or ammonia that would be stored to leak or otherwise be released fTom the storage vessels means there
is the potential for both air and non-air quality related impacts. The storage of these chemicals is regulated by

(lspilrl ( osts Kiln I Kiln 2 Notes

Total Capital InvestrEnt (TCl)
'150.(xx)

$.150.0u)

Based on LNA's experbnce $ ith thc purchase

and instalhlbn ofa urea injectixl s].,slem at

ano{her LNA Phnl

Capial Recorery Facror (CR[')l 0.09 0.()()

Annual (bs ts

Direcl AnnualCosts

Urea l'sa8e (tons per Far) 195 39?

Based on LNA'S experience with urea hictbn
at arDther LNA Phnt ( I b urea rcduces 1.24 ts
NOx)

$n26 s826
Based on LNA's erprie rrce u ith uea injectixr
at another LNA Phnt

Urea c6t ($ rr yea.) $326.5 t0 $127.95

Ope.ating hbor (S per )ear) $37.500 $37,5fi)
Based oo LNA'S expe.ience u ith urea hjecrirl
at arDther LNA Phr(

Power usage (kW) tl t. t5
Based on LNA's cxperiencc $'ilh rfca hictirt
at another LNA Phnt

Power wage (kW per year) t6i20 t6550
Based on LNA'S expcrience with urca injectbn

at another LNA Phnl
Por+cr cost ($ per kilowatt) $0.u, $0.06 Based oo powcr cosls at tlE Nebon l'ac ilv
Po\rer co6( ($ Er \,car) $97!) s993

$55.{)fi) $55.UX)
Baxd on LNA's eryerbnce *ih urca hictim
at arbtlEr LNA Phnt

Total Dircct Annual Costs $,1| 9.989 $121.4&3

Indirect Annual Costs (lC)

Capitalrecorcn' tJ1477 $12.111 CRF* TCI
Tolal lndtccl Annual Cosls ll2.{77 s-l].{77
Tot{l,tnnurl(:osts Sl64,ft6 $161.%5
Basclilc linissbn Ratc 9{t I ()85

ConrolUlltlncy sffh 509;

Torls Rcdlccd {90 .l9i
Contml('ost in Dollr]! IrcrTon Rcducad S9JJ s9.12

-E
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other EPA programs, and the risk associated with the storage do not signincantly impact the BART
determination.

5.4.4. Remaining Useful Life

The remaining useful life of the kilns does not impact the annualized costs of SNCR because the useful life is

anticipated to be at least as long as the capital cost recovery period, which is 20 years.

5.5. EVALUATION OF VISIBILITY IMPACT OF FEASIBLE NOx CONTROLS

A final impact analysis was conducted to assess the visibility improvement associated with SNCR. Section 4 of
this report documents the existing yisibility impairment attributable to the kilns. ln order to assess the visibility
improvement associated with SNCR, the NO* emission rates associated with SNCR were modeled using
CALPUFF. The controlled N0' emission rates for Kiln I and Kiln 2 associated with SNCR are summarized in
Table 5-3. The controlled NO' (ai.ly emission rates were used in the modelinS. The emission rates for the other
pollutants were the same as in the baseline modeling.

The visibility improvement associated with SNCR is summarized in Table 5-5. The greatest improvement in
visibility impairment is predicted to occur in the Grand Canyon NP. Specifically, the application of SNCR is

predicted to result in an improvement of 0.455 Adv from the baseline 98s percentile impairment in the Grand
CanyonNPof 1.586Adv,which is an improvement of 29010. This level of improvement in visibility impairment
translates to cost ofiust over $2 million per Adv of improvement (based on a total annual cost for Kiln 1 and Kiln
2 ot $926,437 as shown in Table 5-4 above).

Lhoist North America I Netson Plant BART Anatysis
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5.6. PROPOSED BART CONTROL AND EMISSION LEVELS

Based on the five step analysis outlined by EPA, SNCR has been identified as the sole technically feasible add-on
control technology. Cost, enerry and environmental impacts were assessed for this technolory and the visibility
improvements were evaluated against existing conditions. Overall, LNA believes that the cost of SNCR per ton of
N0, reduced is reasonable. Further, LNA believes that the level of improvement to visibility impairment, while
not as tangible a variable as cost, is also reasonable. Neither non-air quality nor enerry impacts associated with
SNCR are considered significant and thus do not present a basis for eliminating SNCR in favor of retaining the
existing emission rates as BART. Therefore, LNA proposes that SNCR is BART for NOr for Kiln 1 and Kiln 2, LNA
proposes to comply with a BART emission limit for Kiln 1 of 3.80 lb/ton lime on a 3o-day rolling basis, as

demonstrated through the use ofa CEMS, and LNA proposes to comply with a BART emission limit for Kiln 2 of
2.61 lb/ton lime on a 30-day rolling basis, as demonstrated through the use ofa CEMS. The proposed BART

emission levels reflect a 50% reduction in the baseline NO, emission levels.

LNA requests that the BART determination allow use of SNCR with urea or ammonia or other reactants or add-
on technologies that will achieve the BART emission rate, subject to compliance with preconstruction review
requirements. This provides LNA the opportunity to use the most cost effective mix ofSNCR reagents to achieve
the BART limiL

Lhoist North America I Netson Plant BART Aralysis
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6. SO2 BART EVALUATTON

Sulfur dioxide is generated during fuel combustion in a lime kiln, as the sulfur in the fuel is oxidized in the
combustion air. Sulfur in the limestone can also contribute to a kiln's SO2 emissions.

The baseline SOz emission factors for Kilns I and 2 that were determined from the results ofthe 2013 CEMS

testing, as detailed in Section 4 ofthis report, are shown in Table 5-1.

Table 6-1. Baseline SO2 Emission Factors

Unit
S()2 Emission Factor

(lb/ton lime)
Kiln 1 12.15
Kiln 2 t2.69

6.1. IDENTIFICATION OF AVAILABLE RETROFIT SOz CONTROL TECHNOLOGIES

Step 1 ofthe BART determination is the identification ofall available retrofit S02 control technologies. The
available retrofit S02 control technologies are summarized in Table 6-2.

Table 6-2. Available SOz Control Technologies

SOz Control Technologies
Semi-Dry Scrubbing

Wet Scrubbing
Dry Sorbent Injection

Lower Sulfur Fuel

6.2. ELIMINATE TECHNICALLY INFEASIBLE SOz CONTROL TECHNOLOGIES

Step 2 ofthe BART determination is to eliminate technically infeasible SOz control technologies that were

identified in Step 1.

6.2.1. Semi-Dry Scrubbing

A semi-dry scrubbing system consists ofa scrubber tower followed bya particulate matter control device. Flue
gas enters the scrubber tower and is sprayed with an atomized hydrated lime slurry. The lime absorbs the SOz

in the exha ust and turns the SOz into solid calcium/sulfu r compou nds. The particulate matter control device
removes the solids from the exhaust stream.

Water is required to make the hydrated lime slurry needed for semi-dry scrubbing. As the Nelson Plant is in an
area with limited water supply, LNA contacted a supplier ofSO2 scrubbing systems to understand the water
requirements associated with a semi-dry system capable ofachieving a 90olo reduction in SO2 emissions on the
Nelson kilns. The supplier estimated that Kiln 1 and Kiln 2 would require 50 gallons per minute (gpm) and 67
gpm oFwater, respectively, for a total of 117 gpm.

The Nelson Plant currently operates tlvo groundwater wells at over 800 feet deep. The Primary Well that
supplies the drinking and fire protection water for the plant yields approximately 46 gpm. The Canyon Well that

Lhoist North America I Netson Plant BART Anatysis
6-1



supplies water for the quarry, crushing and screening plant, and hydrator yields approximately 60 gpm. ln total,
the available water supply to the plant is 106 gpm. According to a 1998 hydrologic repoc the water demand of
the Nelson Plant is approximately 80 gpm. This demand has not increased significantly since 1998 and thus
likely represents a good estimate of the current water demand at the facility. When the current water demand
of 80 gpm is accounted for, only 26 gpm of water would be available for a scrubbing rystem. Based on the water
demands that LNA has been provided for a semi-dry scrubbing (117 gpm), LNA has concluded tlat there is not
currently sufficient water available for this type ofsystem. Additionally, the 1998 hydrologic report referenced
above indicates that the prospects for developing additional even low-yield wells on tlre Nelson properq are
poor.

Due to the fact that the water necessary for a semi-dry scrubbing system at the Nelson Plant is currently
unavailable and ability to reasonably access additional water is not probable, this technolory will not be
considered further in the BART control review for SO2.

6.2.2. Wet Scrubbing

In a typical wet scrubber, the flue gas flows upward through a reactor vessel that has an alkaline reagent flowing
down from the top. The scrubber mixes the flue gas and alkaline reagent using a series ofspray nozzles to
distribute the reagent across the scrubber vessel. The calcium (typically) in the reagent reacts with the SOz in
the flue gas to form calcium sulfite and/or calcium sulfate that is removed with the scmbber sludge and is
disposed. Most wet scrubber systems use forced oxidation to assure that only calcium sulfate sludge is
produced.

LNA does not have specific information on the water requirements for wet scrubbers for the kilns but such
scrubbers certainly require more water than semi-dry scrubbing systems. Since there is not enough water
available for semi-dry scrubbing systems for the kilns, there is also not enough water available for wet
scrubbing. Due to the fact that sufRcient water is not available for a wet scrubbing system, wet scrubbing
technology will not be considered further.

6.2.3. Dry Sorbent lnjection
Dry sorbent iniection (DSl) involves iniecting dry sorbent directly into the flue gas or exhaust stream. The
sorbent reacts with S0z in the exhaust to form solid particles that are then removed by a particulate matter
control device downstream of the sorbent injection. The effectiveness of DSI is dependent on the qrye or
sorbenL amount ofsorbent used, the temperature of the exhaust gas at the time ofcontact with the sorbent, and
the residence time of the sorbent in the exhausL LNA believes DSI is technically feasible for the Nelson kilns.

6.2.4, Lower Sulfur Fuel Blend

The use ofa fuel blend that is lower in sulfur than the fuel blend currently used is a possible method for reducing
SO2 emissions from lime kilns. S02 emissions would generally be expected to drop in proportion to the
reduction in the fuel sulfur level.

Lhoist North America I Netson Ptant BART Anatysis
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LNA currently uses a blend of27olo coaland 73016 petroleum coke, on a mass basis, as the fuel forthe kilns. Since
coke has about 4 to 5 times more sulfur than coal, it is possible to decrease the sulfur in t}te fuel blend by
increasing the coal portion. However, an increase in coal in the fuel blend will also increase the ash content of
the fuel blend. Ash in the fuel can cause disruptive operational issues in the form ofbuildup ofash rings in the
kilns. A fuel blend with an ash content ofabout 6.5010 or less must be used in order to avoid these operational
challenges. Naturalgas is not currently available at the Nelson Plant,so itwill not be considered in this analysis.



6.3. RANK OF TECHNICALLY FEASIBLE SOZ CONTROL OPTIONS BY EFFECTIVENESS

The third step in the BART analysis is to rank the te€hnically feasible options according to effectiveness. The
effectiveness of the technically feasible controls for SOz, which in this case includes DSI and a Iower sulfur fuel
blend, are summarized in Table 6-3. Additional discussion on the effectiveness of both DSI and a lower sulfur
fuel blend is provided below.

Table 6-3. Effectiveness of Feasible Soz Control Technologies

6.3.1. Effectiveness of Lower Sulfur Fuel Blend

As stated in Section 6.2.4 ofthis report, the ash content ofthe fuel burned in the kilns cannot exceed 6.50lo

without posing operational challenges due to the buildup ofash rings in the kiln. On average, the ash content of
coal is about 5 to 6 times higher than the ash content of coke. For this report, LNA conducted an analysis to
determine the maximum amount ofcoal that can be included in the fuel blend as a replacement for coke without
exceeding approximately 6.5% ash for the blend. LNA then determined the reduction in sulfur associated with
burning a fuel blend with approximately 6.50/6 ash.

In order to determine the ash content of the coal to be used in estimating the maximum amount of coal that can

be included in a coal/coke blend without exceeding 6.5% ash, LNA conducted a statistical analysis on the
monthly average ash contents of the coal. Taking the average ofthe 2007to 2012 monthly averages plusone
standard deviation, the ash content of the coal is 11.35%. Conducting the same statistical analysis on the ash

content of the coke results in an ash content for coke of 1.62010. Based on theseash contents, the maximum
amount ofcoal that can be burned (by weight) without exceeding an ash content for the fuel blend of6.59o is

7 The ash values were estimated by taking an average of the average monthly ash and sulfur levels from2OOT to 2072.
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SO2 Control
Technolory Kiln

Baseline
Emission

Rate
(lb/ton
lime)

Baseline
Emisslon

Rate
(lb/day)

Basellne
Emlsslon

Rate
ttpv)

Control
Efliciency

(o/ol

Controlled
Emission

Rate
(lb/ton
lime)

Controlled
Emlsslon

Rate
(lb/dav)

Controlled
Emlsslon

Rate
(tpv)

Dry Sorbent
lnjection

Kiln 1 12.15 10,526 7,57 t 4lVo 7.29 6,316 943

Kiln 2 72.69 15,808 2,400 4Oo/o 7,67 t440

Lower
Sulfur Fuel

Blend

Kiln 1 72.t5 7,57 L 23.3Vo 8,073 1,205

Kiln 2 72.69 15,808 2,400 23.3o/o 9.73 12,125 1,841

From 2007 to 2012, the ash content of the coal averaged 9.72% and the ash content of the coke averaged
0.98%. 7 while the average ash content ofthe coal from 2007 to 20L2 was less than 1096, it is common for LNA
to receive back to back coal shipments over several weeks with an ash content well above 1096. For example,
the highest monthly average ash content of the coal from 2007 to 2012 was 75.73o/o (May 2009) with 26 months
having averages over 1096. Thus, in order to characterize future fuel blends, average ash values for the coal of
greater then 1096 must be considered.

9,485

70,526 9.32



5096.8 Therefore, assuming a drop in fuel sulfur is directly proportional to a reduction in SOz emissions, an
increase in coal usage up to 50yo ofthe total fuel mass is estimated to result in a 23.3026 reduction in SOz.e

6.3.2. Effectlveness of DSI

It is challenging to estimate the effectiveness of DSI for the Nelson lime kilns. There are a number ofvariables
that impact the effectiveness of DSI, several of which are site specific. These variables include, but are not
limited to, the following:

. Temperature ofexhaust stream where sorbent is injected

. Moisture content of the exhaust stream

. Competing acid gases, which include COz, HCl, Sor

. Characteristics ofsorbent used (e.9., particle surface area)

. Amount ofsorbent used

. Sorbent iniection location

. Residence time for sorbent/Soz interaction
o COz and CO levels in the kiln system

Overall, the variables that impact the effectiveness of D5l make it difficult to estimate the level ofeffectiveness
that can be expected for DSI for the Nelson kilns. Nevertheless, for purposes of this BART analysis, LNA has
estimated the control effectiveness of DSI to be 40%. This control effectiveness is based on a combination of the
following:

. Limited testing that LNA conducted on the Nelson lime kilns in lune 2013 using both standard hydrated
lime manufactured at the plant as well as Sorbacal@ SPS

o Vendor data for a DSI system using sodium bicarbonate (SBC).
. LNA testing ofSorbacal(D SP on a cement kiln in North America (effective reduction 7096 -LNA

anticipates similar results would haye occurred with use ofSorbacal@ SPS)
. Data from Tables 5 and 6 ofthe October 2012 UNC/ICF BART Five FactorAnalysis for the Nelson Lime

Plant (DSI with SBC = 75%)

LNA TestinS at Nelson Plant
LNA conducted some extremely limited trial runs of DSI on both of the Nelson lime kilns in lune of 2013 to
evaluate the impact of DSI on the S0z emission rates, as described in Appendix B of this reporl The trials runs
tested the use ofboth standard hydrated lime manufactured at the Nelson Plant as well as Sorbacal@ SPS

brought in from the LNA SL Genevieve Plant in Missouri. The trial runs suggested that Sorbacal@ SPS is more
effective than the standard hydrated lime and that the effectiveness ofSorbacal@ SPS appears to be dependent
on the amount of sorbent used, iniection location and residence time of the sorbent in the ductwork Certainly
kiln process variables may also influence the effectiveness of DSI but the testing period was too short to identib/
thesevariables.overall,thetestdatasuggestthata40%SOzreductionislikelyachievablebasedontheuseof
Sorbacal@ SPS at a 9:1 mass ratio ofsorbent to SO2 reduction.

8 A blend of 500/o coal ! 'ith 11.350/6 ash and 500/0 coke with 1.62016 ash has an ash content of6.5% (500/6 *11.350/6r +
500kt 7.62ok = 6.sok)
e For baseline, a blend of 27016 coal with 1.15% sulfur and 73% coke with 5.640/6 sulfur has a sulfur content of4.43yo.
For the future, a blend of 50% coal with 1.15% sulfur and 50% coke with 5.640/6 sulfur has a sulfur content of3.4096.
The difference in sulfur is 1.1302t. which is a 23.3ort reduction from baseline.

Lhoist North America I Nelson Ptant BART Analysis
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Vendor Data for DSI Systems

LNA obtained two quotes for the equipment associated with a DSI system. One quote was from Dustex

Corporation and the other from Noltech Systems. The quote from Noltech was based on the use ofSorbacal@
SP, but the quote did not speciry a usage rate or a level of SO2 reduction. The quote from Dustex was based on
the use ofSBC. The Dustex quote contained limited information on the expected levelofS02 reduction, and it
contained no information on the usage rate ofSBC. More specifically, in the introductory paragraph ofthe
Dustex quote, where the DSI system is described in general terms, Dustex includes the statemenl"A typicol SBC

system can remove up to 60% 50y''. Based on this statement, LNA followed up with Dustex to ask for additional
information related to the 60% reduction. In a series of emails Dustex: (1) claimed a 50% removal is achievable
but did not provide any experience with lime plants to support this claim; and (2) stated they assume 5 lbs of
SBC per pound ofS02 in order to get up to 60% removal efficiency.

While Dustex has provided the above information, based on the fact that Dustex has never installed a DSI system
on a lime kiln, LNA considers these usage and removaldata as broad estimates only,

LNA Testing of Sorbacal@ SPS on a Cement Kiln in North America

lniection trials within the cement industry in Europe have led to the commercial use ofSorbacal@ SP/SPS for
the reduction ofSO2. Based on the success in Europe, in 2 01 1 LNA conducted DSI testing on a fou r stage
preheater/precalciner kiln at a North American cement plant using Sorbacal@ SP. The study showed that
injection ofSorbacal@ SP at the ID fan, where the temperature is approximately 720 "F, resulted in a reduction
in SO2 ofapproximately 70o/o. LNA would expect similar results with Sorbacal@ SPS and believes the Sorbacal@
products (SP/SPS) are similar in performance with SBC.

2012 UNC/lCF BART Five Factor Anal),sis

Tables 5 and 6 of the 2012 UNC/ICF BART Five Factor Analysis indicate that DSI usinB SBC can achieve SOz

reduction of 75%. The report provides no basis for this control value, but based on several comments in tle
report, it suggests that the value is reflective of what UNC/lCF believes may be achievable for a cement kiln
using SBC. LNA has shown that a value of 70yo reduction using Sorbacal@ SP in a cement kiln is achievable. In
addition, LNA considers SBC and Sorbacal@ SP/SPS to be similar SO2 sorbents that are capable ofapproximately
70016 reduction in the cement industry.

While it may be possible to achieve 700lo reduction in SOz in the cement industry based on the use ofa DSI

system, this level ofefficiency has never been demonstrated in practice on a lime kiln and has certainly not been
demonstrated on the Nelson lime kilns. One primary difference between the cement kiln that LNA tested and
the Nelson lime kilns is the temperature of the exhaust gas. The exhaust gas from the preheater/precalciner
cement kiln at the location of the lD fan where the Sorbacal@ SP was injected was approximately 720 'F. The
exhaust gas where the Sorbacal@ SPS was injected during the Nelson kiln testing was between 350 and 450 "F
(depending on the kiln). Significantly, given the lower temperature of the exhaust gas of Nelson kilns compared
to the temperature ofthe exhaust gas ofthe tested cement kiln, and the well established relationship of
temperature and DSI S02 removal, the same degree ofeffectiveness ofthe SOz removal for the Nelson kilns
compared to that ofa cement kiln would and should not be expected.

The UNC/ICF report states that SBC is similar to hydrated lime in S02 reduction and that LNA may choose to use

the hydrated lime that they manufacture at the Nelson Plant in place of SBC, as it is capable of similar levels of
SO2 control. The report goes on to say that DSI usinB SBC provides a reasonable surrogate for estimating the
control ofDSI using standard hydrated lime. LNA disagrees. SBC is considered by the DSI industry to be a high
performance sorbent and has a much higher surface area than the standard hydrated lime manufactured at the

Lhoist North America I Nelson Ptant EART Anaty5is
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Nelson PlanL Thus, SBC would be expected to perform better than the standard hydrated lime manufactured at
the Nelson Plant in the same way that Sorbacal@ SPS was found durin8 the fune 2013 testin8 at the Nelson Plant
to perform significantly better than the hydrated lime manufactured at the Nelson PlanL

Conclusions Regarding DSI Sorbent Control Efficiencies

Based on an evaluation ofallthe above factors, LNA believes that Sorbacalo SPS will perform welland by
extension, so too would SBC when used for S02 reduction for the Nelson lime kilns. Based on the limited CEMS

testing at the Nelson Plant in fune 2013 using Sortacal' SPS, the SOz reduction effectiveness is approximately
4096 . It is assumed that because SBC and Sorbacal' SPS react with 502 based on similar chemical principles,
LNA expects SBC would have a similar SOz control efficiency of 40%. This contrasts to the 70016 control efTiciency
documented with cement kilns, which is attributed to significantly higher temperatures of the cement kiln
exhaust Bas, and therefore higher efficiencies. Consequently, LNAhas used40% for estimatinS the control
efficiency of both SBC and Sorbacal' SPS.

6.4. EVALUATION OF IMPACTS FOR FEASIBLE SOz CONTROLS

Step four of the BART analysis is the impact analysis. The BART determination guidelines list four factors to be
considered in the impact analysis:

Cost of compliance
Enerry impacts
Non-air quality impacts; and
The remaining use[ul life of the source

6.4.1. Cost of Compllance

A summary ofthe estimated annual cost effectiveness for DSI and switching to a lowersulfur fuel blend is
provided in Table 6-4. lndividual summaries of the cost effectiveness of a DSI system using SorbacaltD SPS, the
cost effectiveness ofa DSI system using SBC, and the cost effectiveness of using a reduced sulfur fuel blend are
provided in Tables 6-5,6-6, and 6-7, respectively.

Lhoist North America I Nelron Ptant BART Analysis
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Kiln I

Kiln 2

Table 6-4. Summary ofthe Estimated Cost Effectiveness for SOz Controls

Tcchnology

Be!.lin.
Efiission

Rte
Control

UIici6n()
CortrollGd

frriision Rlt SOt Rctuced
C.dtrl

InEstmcnl
Atrnurl Dircct

C6 ts

Annurl
In.Ircct

Co6 t!

(tpy) (tpy) (lp) ) (s) (!Yo (9Yr) (!Y.) (lton)

1.571 {0 9Jl 628 L491.559 3. t34.14? 348.1,18 3.,182.495 5.5J1

DSlrvith Sorbacal. SP 1.571 l0 911 62ti 2,491,559 t.m1.455 34r.1,18 1.349,803 5.131

Fucl Sr1 itch ing ( 5flr'sPo
C'oke/Coal Blcnd) 1.57 t 1,205 NA NA NN 422.213 1.152

T.(hnology

Besclin.
Emiss ion

Rrtc
Control

Eflici.ncy
Controll.d

Fnission R te SO, R€duced

C.dtll
hirstmcnt

Arnurl Dircct
Co!t!

Annurl
Lrdircct
Cosb

Tot.lArnu.l
Co!t Cost f,rLctilrncsi

(tpy) (rpy) (rpy) (tyr) (!Yo (9yr) (!ton)

l)Sl whh SRC 2..ltx) {o l..l,l0 (x{) 2.491,559 4.T15.119 1.18..]J8 5.07'1.097 5.286

I)Sl with Sorbacal. Sl' 14U) 4(r 1.440 96() 2497.559 4.523.056 4.87t.401 4.87 t.,1O1 5.075

Fucl S\r itch ing (50r5elo
Cokc/CoalBlend) Lllt{) 2-.1 t.8.t0 5d) NA NA NA 6 t7.859 t. t0l
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Table 6-7. Estimated Cost Effectiveness for Lower Sulfur Fuel Blend

[-ue I Data Kiln I Kiln 2 Notes
Baselirc and Future CoalHealhg Vabe 26..1 16.4 MMBtu/ton lleathg valE b6sed on aleragc fiom 2007 to 2012
Basclhe and Futuc Cokc Heathg VaIr 29.8 29.8 M I\'l II r ry'ton llcating \,oir bosed on average from 2007 to 2012

llaselhe C(xrlCost l 3 $,/tur
Fulure CoalC(xt 9 9 9ton Coalcosts cxDected (o rbe aDDroxirnalely 5olo

Baselhe Coke Cosl 9{ 9.1 9ton
Iruurc Co*c Co6l 9{ 9{ f,/ton Cokc priccs not cxpcctcd to rbc
Baselhc Coal Sull'ur Contcnt t. l5 Lt5 Sutru, contcnt bascd on avcrsgc frorn 2007 lo 2012 phs I sld dcv
Baselire Cokc Sull'ur Content 5.6{ 5.64 Sulfu content bascd on avcrsgc from 2007 to 2012 phls I sld dcv
|uture Coal Sulful Content l. t5 r. 15 o..o Suffur contcnt based on avcragc from 200? to 2012 phx I std dcv
F'ulure Cokc Sul|.r Contcnt 5.64 5.6.t Sutrur contcnt boscd on ovcragc from 2007 to 2012 Dhs I std dcv
Bosclhe CoalUse r t .65 t t?,050 lons Basclirc coaluscd bascd on srcraEc from 2fr)7 to 2012
Baselire Cokc tlsc I t.501 {6.099 lons Basclir colic uscd bascd on avcragc l'rom 2007 to 2012

Basclhe Fuel Cos( (73o/o Cdiel2Th Coal) $4r82.061 $6"266f95 !rr
llaselhe Fucl Sull'ur Content (73% Cokc/2Tlo Coal) .t.{l 1..13 o,;

t,imc Production Data Kiln I Kiln 2

Ileat iput rcqutcd for line {.8 {.8 MN{llru,ton

AnntlalLine Productbn 258.508 378296 lp|

Lhlc prod$tir boscd on tllc cakndar 1,ear wih th€ higrrcst

hbloricalFodwtixt ratc (2010 prodtrtbn for Kih I and 2012

productbn for Kih 2)
'[o{3lAnnual llcat lnput Requted r.2,10.838 t.8 t5.821 MMBtr/w
Fu.l Switching Costs ($/yr) Units

ll.at vahie ol'5(P4 colic/soolo coal blend 2ti. I 18.I MMBtU/ton

Total fuel nEss requied fo( 50/o c*e/5Ulo c@l blend r.1.207 61.691 ln\
Arnount of coal requted (5trlo) 2.t01 32.346 l'ons
Antount of coLc rcquircd (509/0) 22.103 32,346 1'ons

Annu,al cml for 5Po Coke/sPo CoalhLnd $4.70r.276 $6.884.15.1 !t"r
Cost abovc hasclilc for 5flo Coke/5096 Cmlbhrrl 9t22211 $6 t 7.859 !!r
SO2 Rcduction Anrlysis Kiln 2 Llnits

Sutrur coote of 50 /. Coke/50/. Coal blerd l.{) l.,lO o,/o

Sutfur redwtirn from su'itching to 5Plo Colie/5Plo Co6l 23.3

Ilasclhe Emission Ratc t.571 2,4U) tnv

I ons Rcdrrccd 366 560 tp!
Control Cost in Doll.rs p.r Ton R.duccd $1.152 $r.lol 9ton

Lhoist North America I Netson Ptant BART Anatysis
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Kiln I Kiln 2
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6.4.2. Energy lmpacts

DSI systems require electricity for operation. The generation of the electricity needed to operate a DSI system
will most likely involve fuel combustion. The combustion of fuel will generate emissions. There will also be
emissions associated with the transport, handling and storage of sorbent. Overall, while the use of DSI will
cause emissions hom select activities, the emissions should be low compared to the reduction in SO2 that would
be gained by operatinB a DSI system,

Using a lower sulfur fuel blend means LNA will obtain more ofthe energy for lime production from coal and less
of the enerry from coke. Since the heating value of coke is slightly higher than the heating value of coal, it is
likely that LNA will burn more total massoffuel as a result of substituting some coal for coke. Whileburninga
lower sulfur fuel blend will likely result in a reduction in SO2 emissions, the impact ofburning a lower sulfur fuel
blend on otler pollutants such as NOx and CO is unknown.

6.4.3. Non-Air Quality lmpacts

The operation ofDSI systems on Kiln 1 and Kiln 2 would require sorbent to be stored on site. The storage of
sorbent is generally not associated with any non-air quality impacts.

There are no non-air quality impacts from using a lower sulfur fuel blend that would impact the BART
determination.

6.4.4. Remalning Useful Life
The remaining useful life of the kilns does not impact the annualized costs of DSI because the useful life is
anticipated to be at least as long as the capital cost recovery period, which is 20 years. There are no capital costs
associated with using a lower sulfur fuel blend, thus the remaining useful life of the kilns is not a factor in the
evaluation of this technolory.

6.5. EVALUATION OF VISIBILITY IMPACT OF FEASIBLE SOZ CONTROLS

A final impact analysis was conducted to assess the visibility improvement associated with DSI and switching to
a lower sulfur fuel blend. Section 4 ofthis report documents the existing visibility impairment attributable to
the kilns. In order to assess the visibility improvement associated with DSI and fuel switchin& the S0z emission
rates associated with these technologies were modeled using CALPUFF. The controlled SO2 emission rates for
Kiln 1 and Kiln 2 associated with DSI and using a lower sulfur fuel blend are summarized in Table 6-3 above.

DSI Using Sorbacal@ SPS = $50,748,191 /Adv (From Table 6-5: Kl annual cost = $3,349,803, K2 annual
cost = $4,871,404, K1 annual cost + K2 annual cost = $8,221,207)
DSI UsingSBC= $53,146,528/Adv (From Table 5-6: K1 annual cost = $3,482,495,K2 annual cost =
$5,074,097, Kl annual cost + K2 annual cost = $8,556,591)

Lhoist North America I Netson Ptant BART Analysis
5-11

The visibility improvement associated with DSI is shown in Table 6-8. Additional details on the visibility
improvement analysis are included in the spreadsheet submitted $,ith this reporL As shown in Table 6-8, the
greatest improvement in visibility impairment is predicted to occur in the Crand Canyon N P. Specifically, DSI is
predicted to result in a maximum improvement of 0.162 Adv from the baseline 98rI percentile impairment of
1.586 Adv, which is an improvement of 10y0. This level ofimprovement in visibility impairment translates to
the following coss per deciview:



The visibility improvement associated with the use ofa lower sulfur fuel blend is summarized in Table 5-56-9.
The greatest improvement in visibility impairment is predicted to occur in the Grand Canyon NP. Specifically,
the use of a lower sulfur fuel blend is predicted to result in an improvement of 0.106 Adv from the baseline 98s
percentile impairment of 1.586 Adv, which is an improvemenl of 7oh. This level of improvement in visibility
impairment translates to cost of $9,812,000 million per Adv of improvement (based on a total annual cost for
Kif n l and Kiln 2 of$1,040,072, where Kiln | = $422,273 and Kiln 2 = $617,859, as shown in Table 6-7 above).

Lhoist North America I Net5on Ptant BART Anatysis
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6.6. PROPOSED BART CONTROL AND EMISSION LEVELS

As discussed previously, there is considerable uncertainty on the S0z reduction that can be expected for the

Nelson lime kilns based on switching to a lower sulfur fuel blend or using a DSI system. LNA has assumed a 40%

reduction attributable to DSI based on limited testing conducted in June 2013 at the Nelson PlanL The cost for a

DSI system using Sorbacal@ SPS is between $5,000/ton and $5,300/ton (See Table 5-5) and approximately
$51 million/Adv. The cost for a DSI system using SBC is between $5,300/ton and $5,500/ton (See Table 6-

5) and approximately $53 million /Adv. LNA estimated a 23.30lo reduction attributable to fuel switching The

cost for tuel switching is approximately $1,100/ton (see Table 6-7) and approximately $10 million/Adv.

LNA believes that the cost of DSI is excessive, both on a dollar per ton basis and on a dollar per deciview

improvement basis. Typically, when the cost ofa more efficient technology is deemed excessive, the next most

efficient technolory that is not cost prohibitive would be selected as BART. This would suggest su/itching to a

lower sulfur fuel blend would constitute BART for SOr for the Nelson lime kilns. LNA has determined that BART

is a 23.396 reduction in S0z that will be achieved through the use of a lower sulfur fuel blend. Thus, LNA

proposes that BART for SOz for Kiln 1 is 9.32 lb/ton of lime, applicable on a 30 day rolling average as

demonstrated through the use of a CEMS. LNA also proposes that BART for SOz for Kiln 2 is 9.73 lb/ton of lime,

applicable on a 30 day rolling average as demonstrated through the use ofa cEMs.

Because of the uncertainties about whether fuel switching alone will be suflicient, LNA requests that it be given

flexibility to use that combination of fuel switching and add on controls that achieves the proposed BART limits
for Kilns 1 and 2, consistent with any applicable preconstruction permit requirements. This determination
provides LNA some flexibility to ad.iust its operations to ensure that the BART limit is achieved.

Lhoist North America I Netson Ptant BART Anatysis
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7. PM BART EVALUATION

Particulate matter is generated from fuel combustion and other processes that occur in a lime hln.

The baseline PM emission factors tllat were determined from stack testing reflecting Rlterable PM for Kilns 1

and 2 are shown in Table 5-1.

Table 7-1. Baseline PM Emission Factors

Unit
PM Emission Factor

(lb/ton lime)
Kiln 1 0.063
Kiln 2 0.082

A comparison of Table 7-1 above with Table 5-1 and Table 6-1 of this report shows that the baseline PM

emissions for the kilns are much lower than the baseline emissions of SO2 and N0, for the kilns. The low PM

emissions correspond to low visibility impacts attributable to PM when compared to the impacts attributable to
S0z (as sulfates) and NO*, (as nitrates), as shown in Table 4-7 ofthis report

Both kilns currently have existing baghouses for particulate matter control. A baghouse is the most emcient
device forcontrolling particulate matter from this type ofsource. Since there are no particulate control devices
that are more effective than the existing baghouses, LNA proposes that the existing baghouses constitute BART
for the kilns. Furthex LNA proposes to comply with a BART emission limit for both kilns that is equal to the PM

limit for existing lime kilns that is included in the EPA's Maximum Achievable Control Technolory (MACT)

standard that applies to the kilns [0.12 lbs PM/ton ofstone feed).lo Since LNA is proposing to use the most
effective particulate control devices on the two kilns, there is no need to evaluate other impacts in establishing
these control technologies as BART.

r0 Should EPA revise the PM limit for existing sources in the MACT standard, LNA proposes to comply with the revised
limiL
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APPENDIX A: SUMTiIARY OF RBLC SEARCH RESULTS FOR NOx
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APPENDIX B: SUMMARY OF JUNE 2013 DSITESTING AT NELSON PLANT

The iniection ofstandard hydrated lime into the Kiln 2 ductwork between the preheater and baghouse
(temperatures of470'F to 480'F) over seven test periods ranging from 13 to 77 minutes covering a total of
4.5 hours, resulted in average control efficiencies of 096 to 4696 under average iniection rates of 500 lbs/hr
to 3,700 lbs/hr. Based on the relatively high iniection rate of lime required to achieve significant SOz

reductions, no further iniection tests using standard hydrated lime were performed.

Sorbacal@ SPS was then injected into the Kiln 2 ductwork at the same point as the standard hydrated lime
over five test periods covering 3.5 hours. The average control efficiencies measured over the five test
periods were generally in the mid-40y0 range with average iniection rates near 1,000lbs/hr. A mid 6007$

average control efficienry was achieved over a 2o-minute period but the average iniection rate exceeded
1,800 lbs/hr, One test period covering 35 minutes, during which the kiln gas stream carbon monoxide (CO)
levels were purposely increased, resulted in an average control efficienry of48% but the average
Sorbacal@ SPS iniection rate exceeded 2,000 lbs/hr.

Sorbacal@ SPS was then injected into Kiln 2 above the preheater where temperatures ranged between
550"F and 570oF. Over two test periods covering t hour, the highest average €ontrol efliciency was 300/o at
an iniection rate of nearly 1,500 Ibs/hr. Consequently, this iniection point was not evaluated further. The
injection location was then moved back to between the preheater and baghouse. This location produced
mixed results. The firsttestovera 27-minutetime period resulted inanaverage control efficiencyoflT%
at an injection rate ofover 1,000 lbs/hr. A follow up test over a l.s-hour time period resulted in a 640/o

control efficiency; however, the iniection rates could not be confirmed because of problems encountered
with the iniection feeders.

Kiln 1 was tested on the final day using Sorbacal@ SPS inieaed into the ductwork between the preheater
and baghouse, The first two test periods were conducted over 1.5 hours at low iniection rates (< 500
lbs/hr) which resulted in average control efficiencies of 1996 and 25Y0, respectively. The exact iniection
rates could not be confirmed due to computer problems. During the next testing period of 19 minutes, the
average control efficiency was 4370 at an average injection rate of over 1,100 lbs/hr,

Additional testing on Kiln #1 was conducted under stable combustion conditions with stack CO

concentrations in the range of 50 to 90 parts per million. Under these low CO conditions, average injection
rates of 1128, 1855,22+5 and 1794 lbs/hr were tested over durations of 37, 23, 16 and 30 minutes,
respectively. Over these testing periods, the average control efficiencies were 43, 51, 7 7,77 and 590/0,

respectively. Calculated on a 1-minute basis, the control efficiencies were highly variable, ranging from a
lowof 33% toa high of 840/0. These results demonstrate that higher control efficiencies require extremely
high injection rates.

Overall, results of the testing indicate that DSI using Sorbacal@ SPS results in control efficiencies that are
highly variable and dependent upon iniection rates, injection location temperatures, and resident time of
the sorbent in the gas stream. The results also indicate that kiln operations, especially whether the kiln is

Lhoist North America I Nelson Ptant BART Analysis

LNA conducted trial runs of DSI on both of the Nelson kilns in lune of 2013 to evaluate the impact of DSI on
the SO2 emission rates. The trial runs evaluated use of both standard hydrated lime manufactured at the
Nelson Plant as well as Sorbacal@ SPS brought in from LNA'S SL Genevieve Plant in Missouri. To determine
baseline conditions and injection control efficiencies durinB the testin& LNA operated continuous emission
monitoring systems (CEMS) on both kilns to measure SO2 emissions from the kiln stacks.



operating under high versus low CO conditions (i.e., oxygen deficient versus oxygen rich combustion
conditions) affect the SO2 emission rate and the resulting control efficiency ofthe sorbent. Unfortunately,
operation at low CO conditions on a consistent basis, which appears to produce higher control efficiencies
ofthe sorbent, is generally not possible, especially on Kiln 2 which was originally designed to produce lime
for the steel industry where a strongly reducing (e.g., high CO) environment is needed to achieve product
quality obiectives. Other variables also affect CO operating levels, such as fuel quality, stone quality, ball
mill levels, excess air conditions and the amount ofpre-heater blockage, to name a few. In light ofthese
limitations, 40% is likely the maximum consistently achievable value.

In conclusion, even though the testing was ofa very limited duration and the results were highly variable,
the test data suggest that a 40% reduction is likely achievable based on the use of Sorbacal@ SPS or
similarly performing sorbenL Due to normal variations in fuel sulfur input, kiln operating conditions and
sorbent iniection rates, a sorbent to SOz mass ratio of approximately 9:1 may be required to achieve SOz

controls in the range of 20 to 409o.
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